1. INTRODUCTION NE! and Imaizumi (xg66) have shown that there is a significant local differentiation in the ABO and MN blood group gene frequencies in Japan, and presented data which suggest that this differentiation has occurred largely by genetic random drift. If drift is important, then the differentiation of gene frequencies among isolated populations of small size is expected to be higher than that of the general population, because the rate of migration, which prevents the differentiation, is lower in the former. Thus, a genetic analysis was undertaken of the differentiation of gene frequencies among isolated populations in Japan. In this paper we will be concerned only with the ABO blood groups, since data on the MN blood groups are limited.
ANALYSIS OF THE DATA
There are twelve isolated populations, for which the data on the ABO blood group frequencies have been published. These data are given in table i, together with the gene frequency estimates. Of the twelve isolated populations, seven are inhabitants of small islands surrounding the main islands of Japan and others are located in mountainous regions (cf. fig. i ). As seen from table i, some populations are not small but they had to be used because of the paucity of data.
Actually, some populations include several subpopulations among which the blood group gene frequencies differ significantly (Nei and Imaizumi, unpublished) . Also, the degree of isolation is not the same for all populations. Some island populations are highly isolated, whereas in some inland populations, it appears that considerable migration has taken place. It should be noted, however, that in almost all the populations the recently immigrated individuals have been excluded from the blood group typing.
The frequencies of the gene JA, JB, and JO controlling the ABO blood groups were estimated by the same method as used in the previous paper (Nei and Imaizumi, ig66), i.e. Bernstein's method. The results obtained are given in table i, in which the frequencies of IA, JB, and Jo are denoted by p, q, and r respectively. The means of p, q, and r weighted for the number of observations are o2688, 
Okinoshima . 
Kusu . 
Kamitono . Kobayashi and Watari (1953) . OI78I, and 0.5531 respectively, which are almost identical with those for the whole of Japan, i.e. 02773, 0I7o6, and O552I (Nei and Imaizumi, ig66). As seen from table i, the x2-value for the departure from the Hardy-Weinberg's equilibrium is significant at the 5 per cent. level in one of the twelve populations, thus agreeing fairly well with the theoretical expectation. The x2 for the heterogeneity of gene frequencies among the isolated populations is 2288o with 22 degrees of freedom and is significant at the oi per cent. level.
The true or genetic variances and covariances of p, q, and r are obtained by subtracting the sampling variances and covariances from the observed variances and covariances respectively, as described in the previous paper. The genetic variances and covariances thus obtained are presented in table 2, together with those for the whole of Japan obtained in the previous paper. It is seen from this table that the variances of gene frequencies are all larger in the isolated populations than in the general population of Japan, as expected. If the differentiation of gene frequencies among subpopulations has occurred at random, the covariances between gene frequencies should all be negative (Nei, 1965) . In the present case, the covariances between p and r, and q and r, are negative, but the covariance between p and q is positive. This may be due to sampling accident because of the The degree of differentiation of gene frequencies may be measured by the inbreeding coefficient of subpopulations relative to the total population. This inbreeding coefficient (fsT) is obtained by
provided that the differentiation has occurred at random, where j5 and a denote the mean and the genetic variance of the jth allele frequency, respectively, and a. the genetic covariance of the jth and kth allele frequencies (Wright, 1943; Nei, 1965) . The estimates of this inbreeding coefficient, obtained by including and excluding the data on Iwaijima, are given in table 2. There is a considerable heterogeneity in the estimate of fsT, the values obtained from the variance of q and r being two or three times larger than that obtained from the variance of p. Further, the estimate offsT obtained from the covariance between p and q is negative when the Iwaijima population is included, although the estimates from covariances are generally subject to a larger sampling error than those obtained from variances.
The heterogeneity ofJ'ST suggests that the isolated populations employed are not random samples of the whole, or that the differentiation of gene frequencies has not occurred completely at random (cf. Nei, 1965 Nei and Imaizumi (1966) showed that the differentiation of ABO blood group gene frequencies in Japan has occurred largely at random, although a slight dine was observed from north to south, and this random differentiation was attributed to a genetic drift owing to the limited effective size of neighbourhoods in Wright's (1946) sense. The fact that the estimate of JT is larger in isolated populations than in the general population supports this view.
The estimate of fs however, is less homogeneous in the isolated populations than in the general population. The deviations of the observed from the expected correlations between gene frequencies are also larger in the former than in the latter (cf. Nei and Imaizumi, 1966) . If the sample sizes were large, these results would indicate that the differentiation of gene frequencies in isolated populations has not occurred at random. However, in view of the relatively small sample sizes employed, these may well be due to sampling accident, perhaps with the exception of Iwaijima. In the case of the whole of Japan the total number of observations was 599,342, divided into 45 subpopulations, while in the present case it is 24,880, divided into i 2 isolated populations.
As seen from table i, the phenotype frequencies summed for all the isolated populations are in good agreement with the Hardy-Weinberg expectations, the x2-value for the discrepancy being 01. If the data on Iwaijima are excluded, the x2 becomes 02. This and the fact that there is a significant differentiation of gene frequencies among the isolated populations suggest that the heterozygotes for the ABO blood groups have a selective advantage over the homozygotes, as discussed in the previous report. Assuming that the genotype frequencies are in complete agreement with the Hardy-Weinberg expectations, it may be conjectured that the heterozygotes have a selective advantage at least of the order off5r or o 2 per cent. on the average.
It may be noted that the mating structure of our isolated populations closely approximates to Wright's island model. In these populations certain proportions of genes are considered to have been exchanged every generation with the large general population in the main islands. The average proportion of gene exchange or the rate of migration per generation (m) can be estimated by Wright's (1943) formula
where Ne is the effective population size. It is not easy to know the exact effective size of a population in which generations are completely overlapped. Recently, Kimura and Crow (1963) developed a formula but its applicability appears to be limited. Therefore, we use the following approximate formula = where i-is the generation time or the mean reproductive age and Nm the number of individuals who reach the mean reproductive age per year (see the Appendix to this paper on p. 344). In a stationary population Nm may be written as bpN, i.e. the product of the crude birth rate per year (b), the probability that a newborn individual reaches the mean reproductive age (p), and the total population size (N). The values of r, b and p around i 900 in Japan are approximately 30, 032, and o65 respectively. Thus, Ne is given by o65N approximately. The sizes of isolated populations in Japan appear to have been almost constant (cf. Schull, et al., 1962) . Hence, using the population sizes given in table r, the effective sizeof each population can be obtained. The average effective size is then given by the harmonic mean of these individual effective sizes. The value thus obtained is 1993, excluding the Iwaijima population. Using this number and the previous estimate offsT (= 000I91), the rate of migration becomes oo6. In this connection it should be noted that the heteroz\ ote advantage, which was advocated here, causes the rate of migration to be overestimated. It seems, therefore, that our isolated populations have exchanged about six per cent. or less of individuals every gei eration with the general population, excepting those who emigrated because of the population overflow.
4. SUMMARY i. The ABO blood group gene frequencies among isolated populations with scattered distributions in Japan are differentiated nearly N at random and the degree of the differentiation, as measured by the inbreeding coefficient, is about three times higher than that of the general population.
2. This may be attributed to a lower rate of migration in the isolated populations. This rate was estimated to be about six per cent. or less per generation. These findings support our view that the local differentiation of ABO blood group gene frequencies in Japan has occurred largely by genetic random drift.
3. An analysis of genotype frequency distributions has suggested that the heterozygotes have a higher viability than the homozygotes by at least 0 '2 per cent, on the average.
